T he phenomenon of ferromagnetism is well-known to high school and undergraduate students, and its physical basis is explained in most general physics textbooks. [1] [2] There are some elegant undergraduate experiments that investigate the ferromagnetic-paramagnetic phase transition by means of the analysis of the magnetic properties and the electrical resistance of the material above and below the transition Photo and schematic of the experimental setup used to determine the Curie temperature of iron and nickel. The end of a Type K thermocouple is inserted into a small hole in the sphere, the temperature of which is recorded by means of a data logger connected to a PC.
point. [3] [4] [5] [6] However, most of the simple classroom demonstrations of this phenomenon are designed essentially for demonstrating the existence of the Curie point. In this paper we describe a rather simple demonstration experiment for determining quantitatively the Curie temperature of a ferromagnetic material.
At room temperature materials such as iron and nickel are ferromagnetic, and so they are attracted to a permanent magnet. When these materials are heated above a certain characteristic temperature, they become paramagnetic and are no longer attracted to the magnet. This characteristic temperature is named the Curie temperature (T C ) in honor of the French physicist Pierre Curie, who supposedly 7 discovered it in 1892. The Curie temperature is about 770ºC (1043 K) for soft iron and about 358 º C (631 K) for nickel. 8 A simple way to demonstrate the existence of the Curie temperature is with the so-called Curie-point pendulum. [9] [10] [11] [12] [13] In this experiment, a little piece of a ferromagnetic material (rod, nail, coin) is attached to the end of a thin wire, which is hung vertically. A nearby magnet attracts the piece of material, which is then heated with a Bunsen burner S. Velasco and F.L. Román, Departamento 15 have shown how to modify the magnet/heated wire method to allow such determinations to be made. Their method requires a number of assumptions, measurements, and calculations that are not needed in our experiment.
Apparatus
The major items used in our setup are:
• Two small (0.8-cm diameter) ferromagnetic spheres, one iron, one The thermocouple is coated with a thin layer of a thermal insulating tape and passed through the glass tube so that only the end of the probe (0.47 cm) is free. This end is inserted into the hole of one of the spheres, and this assembly is positioned horizontally with the help of a clamp (See Fig. 1 ). The disk magnet is placed at the end of a cylindrical stainless-steel bar. To ensure that the system works properly, with everything at room temperature, the magnet is slowly brought close to the sphere (the axes of the magnet and thermocouple probe should be kept aligned). When the magnet is close enough (~2.5 cm), the sphere must slide off the thermocouple probe without any impediment and jump over to the magnet. Then the magnet is moved back to its original position and the sphere is again placed on the end of the thermocouple.
Experiment
The sphere is heated with the flame of the butane torch and raised above the metal's Curie temperature (~810 º C for iron and ~400 º C for nickel). The glass bar acts as a shield and thermal insulation for the thermocouple. The torch is turned off, and the magnet is quickly moved close to the sphere (~2 cm). The data logger/PC 16 system now records the thermocouple temperature once every second. While the temperature of the material is above its Curie temperature, the sphere remains in contact with the thermocouple. When the slowly falling temperature reaches T C , the sphere recovers its ferromagnetic character and jumps to the magnet. 17 The end of the thermocouple is then free, and it cools very quickly due to the surrounding air, resulting in an abrupt change in the slope of the recorded cooling curve. This change makes it easy to identify the Curie temperature. Figure 2 shows the cooling curves for our iron and nickel spheres and the corresponding Curie temperatures, 770 º C for iron and 358ºC for nickel. If the magnet is situated very close to the sphere, the temperature indicating the jump can be slightly larger than the Curie temperature. This is because the cooling of the sphere is not uniform-its surface cools more quickly than the inside. The total time for the experiment (measurements for both spheres) is about 10 minutes-very 
